The structure of the title compound, C20H25N202+. -C8H703-, at 122(1)K has been compared to those of the closely related cinchonidinium mandelate salts [GjerlCv & Larsen (1997) . Acta Cryst. B53, 708-718]. The hydrogen-bonding arrangement of infinite chains of alternating anions and cations is identical to the hydrogen-bonding pattern seen in the diastereomeric mandelate salts of cinchonidine. Likewise, the herring-'f Alternative name: 61-methoxycinchonidin-i-ium a-hydroxybenzeneacetate.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: FG1326). Services for accessing these data are described at the back of the journal. C20H25N202 +.C8H703bone stacking of the quinoline ring systems of the cations resembles the packing pattern observed in other salts of the cinchona alkaloids and in the free bases.
Comment
The optical resolution of racemates is often achieved through the formation of diastereomeric salts. Quinine and mandelic acid are commonly used as resolving agents for racemic acids and bases, respectively. The structure of the title compound, (I), has been investigated to gain insight into the chiral discrimination that takes place on formation of diastereomeric salts. The structure is compared to those of the mandelate salts of cinchonidine, a related cinchona alkaloid, which have been investigated earlier (GjedOv & Larsen, 1997). As shown in the scheme below, quinine and cinchonidine differ only in the substituent at the C 12 position. The H atom in cinchonidine is replaced by a methoxy group in quinine. Apart from the obvious differences related to the methoxy group, the quininium cation, shown in Fig. 1 , is almost identical to the cations found in the cinchonidinium mandelate salts (Gjerlcv & Larsen, 1997) . The most significant difference is a slight change in the 04 C18---C19--N2 torsion angle from -80 to -84 °. This has the effect of moving the two hydrogen-bond donors further away from each other. A more skewed conformation of the quinuclidine system is also observed. In line with the stereochemical characterization employed by Oleksyn, Lebioda & Ciechanowicz-Rutkowska (1979) for cinchonine, the torsion angles about the N2-C21 line are suitable to illustrate differences in conformation. In the quininium salt, they deviate more from the idealized 0 and 120 °. The torsion angle C24 C25--C26 C27 describes the orientation of the vinyl group, The conformation of the anion shown in Fig. 1 is described by the two torsion angles O1--C1--C2--O3 and O3--C2---C3--C4; the values for these angles in quininium (S)-mandelate are -5.13 (15) and -166.93 (10) °, respectively. They are within the range of values found in a previous study of the geometry of the mandelate anion in 23 mandelate structures (Larsen & Lopez de Diego, 1993). The intramolecular hydrogen bond O3--H30...O1 observed in the present structure is also observed in 13 of the 23 structures.
H~
In the cinchonidinium mandelate structures, an elongation is observed of the C--O bond of the carboxylate group which involves the O atom that is hydrogen bonded to the positively charged cation. We do not observe the same trend in the present structure. This variation could be caused by an increased strength of the intramolecular hydrogen bond O3--H30---O1, as reflected in the shorter 03-. -O1 distance of 2.5857 (12) ,~, (Table 2) . This distance is 2.592 (2) ,~, in cinchonidinium (S)-mandelate, and 2.597 (2) and 2.640 (2),~ in the two independent anions of cinchonidinium (R)-mandelate. In the latter anion, the O3---C2--C1---O1 moiety deviates most from planarity. Also, the two intermolecular hydrogen bonds are slightly shorter than the average values found in the cinchonidinium salts.
The packing of the molecules resembles the packing found in the cinchonidinium mandelates, with infinite hydrogen-bonded chains of alternating anions and cations formed along the shortest crystallographic axis, of ca 6.4,~, (Fig. 2) . The quinoline moieties adopt the same herring-bone pattern as was found in the cinchonidinium salts, the interplanar angle being 62 °, calculated using PLATON (Spek, 1990). Considering the similarity between quinine and cinchonidine, one would have expected a similarity between the packing of the (S)mandelate salts of quinine and cinchonidine. In con-Wast, we find that the packing arrangement in quininium (S)-mandelate resembles more the packing in cinchonidinium (R)-mandelate. In these two salts, the anions pack in a head-to-tail arrangement in the direction of a ca 12 ,~, axis, as seen in Fig. 2 . The only difference is that the direction of the head-to-tail arrangement is reversed due to the opposite chirality of the ions. The packing of cinchonidinium (S)-mandelate is more dense; in this structure, the anions form a herring-bone stacking of the phenyl groups. Apart from the substituent at C 12, which is a methoxy group in quinine and a hydrogen in cinchonidine, quininium (S)-mandelate is identical to cinchonidinium (S)-mandelate. The methoxy group causes the cations to move further apart in the direction of the 12.5 ,~, axis maintaining the herring-bone packing of the cations. The anions have adapted to the more spacious arrangement of the cations by replac-ing the more dense head-to-head herring-bone stacking of the phenyl groups in cinchonidinium (S)-mandelate by a less dense head-to-tail packing in quininium (S)mandelate. The herring-bone stacking of the cations is also found in the structure of quininium salicylate monohydrate (Oleksyn & Serda, 1993) , though the cations and anions form discrete hydrogen-bonded ion pairs in this compound.
Experimental
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